We present a case of negative pressure pulmonary oedema due to an overlooked cause. A 45-year-old female patient presented to the emergency department unconscious with severe pulmonary oedema. Subsequent investigations revealed a thyroid goitre causing significant tracheal compression. This case report highlights an extremely rare but potentially dangerous sequela of upper airway obstruction.
There are many reports of pulmonary oedema following upper airway obstruction in both adults and children 1, 2 . Pulmonary oedema has been reported following tracheal extubation, laryngospasm and with airway tumours. Upper airway obstruction creates markedly negative intrapleural pressures resulting in transudation of fluid from the pulmonary capillaries. We present a patient who initially presented to the Intensive Care Unit for investigation and treatment of pulmonary oedema. Extensive cardiological investigations revealed good left ventricular function and normal coronary arteries. Follow up clinical examination showed a goitre and she underwent urgent thyroidectomy.
CASE HISTORY
A 45-year-old Brunei woman presented to the Emergency Department unconscious following collapse at home. A tonic-clonic type seizure was reported following the collapse and she was transferred to hospital by ambulance. Upon arrival at the hospital she was cyanosed, unconscious and was receiving bag and mask ventilation by ambulance officers. On admission her blood pressure was 110/ 70 mmHg, heart rate was 120 beats.min -1 and the jugular venous pressure was not raised.
Immediately following admission to hospital her trachea was intubated by the Emergency Department Registrar with a 7.0 mm ID endotracheal tube. Fentanyl 100 µg, midazolam 2.5 mg and suxamethonium 100 mg were given to facilitate tracheal intubation. It was documented that this was achieved with some difficulty due to the presence of copious pink, frothy secretions. A chest X-ray confirmed the presence of pulmonary oedema with no significant cardiomegaly. Electrocardiograph showed sinus rhythm with a rate of 115 beats.min -1 and ST-wave depression in the inferolateral leads. An arterial blood sample showed mixed respiratory and metabolic acidosis with pH 6.95, P a O 2 100 mmHg, P a CO 2 100 mmHg, HCO 3 22 mmol.l -1 , base excess -13 mmol.l -1 and lactate 6.2 mmol.l -1 . The patient was transferred to the Intensive Care Unit for ventilatory support and further investigation of pulmonary oedema. Prior to transfer an adrenaline infusion was commenced to maintain blood pressure.
Before the collapse at home her husband reported that she had suffered increased difficulty in breathing, a non-productive cough, and he described a highpitched crowing noise. Upon further questioning, her husband said that she had complained of difficulty in swallowing and increasing shortness of breath in the preceding few days. She was otherwise fit and well.
Investigations into the cause of her pulmonary oedema were carried out over the following two days. A transoesophageal echocardiogram showed mild
hypokinesis in the basal septum and basal anterior wall. Pulmonary artery catheterization showed normal central venous pressures, pulmonary artery pressures and pulmonary capillary wedge pressures while receiving adrenaline and noradrenaline infusions. ECG showed ST-segment depression in leads V4 to V6. Troponin I levels peaked at 11.7 µg.l -1 (levels >0.4 are compatible with myocardial infarction in association with ischaemic symptoms or ECG changes) 24 hours following admission to the Intensive Care Unit. A subsequent coronary angiogram showed normal ventricular function and normal coronary arteries. Decreasing oxygen and inotrope requirements over the next 48 hours led to an attempted extubation. However, following extubation she became stridulous and hypoxic with an SpO 2 of 80%. Chest X-ray confirmed recurrence of pulmonary oedema. Her trachea was reintubated a second time by the Intensive Care Unit Registrar using a size 7.0 mm ID tracheal tube. No difficulty was reported at the time and minimal vocal cord oedema was documented.
Within 24 hours the pulmonary oedema had resolved and a second attempt at extubation was successful, but the patient remained stridulous upon deep inspiration. On closer examination of her neck a smooth diffuse neck mass was noted. Computerized axial tomography showed a large superior mediastinal mass displacing and significantly compressing the trachea to the right. The tracheal diameter was reduced significantly in the transverse plane ( Figure 1 ). The trachea was compressed from two centimetres below the level of the thyroid cartilage for a length of five centimetres. The internal diameter of the trachea was reported to be 3 mm.
Urgent thyroidectomy was scheduled and the anaesthetic team was consulted. The patient was fasted and thyroid function tests confirmed a euthyroid state [free T4=21 pmol.l -1 (reference range 10-23), TSH=0.45 mU.l -1 (0.40-4.00), free T3= 3.6 pmol.l -1 (3.4-6.8), TPO <10 (<35)]. Pulmonary oedema had resolved but stridor remained on deep inspiration. She was comfortable in the supine position.
Anaesthesia was induced in the operating theatre with appropriate monitoring and the surgical team present. Inhalational induction with sevoflurane was uncomplicated and the trachea was intubated with a size 6.5 mm ID endotracheal tube following 100 mg suxamethonium. A hemithyroidectomy was performed and a multinodular mass measuring 8 cmx8 cm x4 cm was removed which was later confirmed on pathological examination to be a multinodular goitre. Surgical inspection of the trachea confirmed no obvious tracheomalacia. Extubation was uneventful and she was discharged from the ward a few days later. She was reviewed by an ENT surgeon prior to discharge from hospital for a persistently hoarse voice. Nasopharyngoscopy showed left vocal cord paralysis. The patient was informed that this may be a transient problem secondary to laryngeal nerve neuropraxia and follow-up examinations would be necessary. The patient returned to Brunei.
DISCUSSION
Post-obstructive pulmonary oedema is a welldescribed entity and has been reviewed 3 . It may occur immediately after the onset of an acute obstructing event, such as laryngospasm and epiglottitis; in the presence of chronic upper airway obstruction and after relief of upper airway obstruction.
The occurrence of negative-pressure pulmonary oedema after the relief of obstruction may be due to the loss of auto-PEEP phenomenon 4 . Inspiration against the closed glottis is countered by intermittent expiration against the same closed glottis; the Valsalva manoeuvre generates positive pressure to help reduce the transudation of fluid into the interstitium. The relief of airway obstruction causes a more rapid resolution of the airway pressure than the increased venous hydrostatic pressure 5 . In addition, the increased adrenergic state induced by hypoxia results in right ventricular dilatation, interventricular septum shift and left ventricular diastolic dysfunction. Laryngospasm during emergence from anaesthesia and airway tumours account for more than 50 per cent of the cases, while in children less than ten years of age, epiglottitis and croup constitute more than one half of all cases 3 Other causes of upper airway obstruction leading to post-obstructive pulmonary oedema have also been highlighted by numerous reports. These include euthyriod goitre in pregnancy 6 , rheumatoid arthritis 7 , Hodgkin's disease 8 , near strangulation 9 , choking 10 , other ENT conditions 11 and biting the endotracheal tube 12 .
Patients with mediastinal masses present many hazards to the managing teams including lifethreatening cardiopulmonary complications and airway obstruction with inability to ventilate. This patient had been intubated twice without apparent difficulty and without knowledge of the tracheal compression. We may assume that the endotracheal tube fortunately navigated the compressed and deviated trachea without incident. If there had been tracheal stenosis, endotracheal intubation may have proven impossible. Options for intubation of this patient's trachea prior to surgery include an inhalational induction with the possible risk of loss of airway control and apnoea. The use of helium-oxygen mixtures to reduce turbulent flow in narrowed airways has been reported 13 .
Awake fibreoptic intubation has many advantages including visual assessment of the obstruction. However complete loss of the airway necessitating emergency tracheostomy has been reported in a patient requiring thyroidectomy for tracheal compression secondary to a large goitre 14 .
Computerized axial tomography of the trachea is a useful investigation when a retrosternal goitre causes symptomatic tracheal compression 15 . Not only can the exact cross-sectional anatomy be demonstrated but also measurements can be taken of the tracheal diameter before surgery. This information can be useful when the management of the patient is being planned. Flow volume loop curves provide additional information in the assessment of patients with goitre 16 . They allow a quantitative assessment of the airflow dynamics in the respiratory cycle. Flow volume loop measurements show characteristic patterns corresponding to different types and positions of pathological lesions.
In conclusion, we have described a case of pulmonary oedema due to airway obstruction, a wellrecognised phenomenon. However, patients with tracheal compression due to a mediastinal mass usually present more insidiously. Unfortunately, in this case the failure to recognise a neck swelling early upon admission led to extensive investigation of the cardiovascular system for a cause of pulmonary oedema. Earlier recognition of the goitre may have avoided unsuccessful extubations and a planned laryngo-tracheoscopy may have been more appropriate. This case highlights that when young patients present with pulmonary oedema, other causes should be considered, particularly in the presence of a visible neck mass.
